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7><*j -g-^o-j ^zl, -<K^ JL^^r 3fe e|# *1*> ^ ^ 

ZL&\ ^ S « 0 >i*H ^ 3^3- ^42}-^ Si^" ^ Si# ^^Vl- ^*Hr ^>5(-l-S. 

process)^: ^^^-^] SE^ <!W3 ^(therraochemical react ion)# ^^5.^- f-^. 
5LM| ^eja AVsj-l:^- Si ^ 3L-#*Hr 4t^t 

£ 10 

Si, ^ IrM, ^t, 
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1020^^422 #3 Q^V- 2004/8/6 

o]^> ^ ^ ZL^ ^12 ^{A NEGATIVE ACTIVE MATERIAL FOR LITHIU 

SECONDARY BATTERY AND A METHOD FOR PREPARING SAME} 

S. l^r Si t)-rr -g- ^ X\^Yd\] 4= x-ray 

51 2£r M-^ Si <+S^ ^*l]-^<£ ^#(10^: -§- 

5.^. 

5L 4^ ^H 3^1 *r€- ^tRS.^ X-ray ZL^. 

£ 5^ ^Al^ 3^1 *r€- ^*flS-^ *H^6fl 4^ -g-^fr M-El-^i S.^. 

£ 6£- -i^cfl 3^1 n}^ *fl^.<q 4*M#«H ttfs 10 4f*J *l#(rest time) 

£ 7a^r -^H 44M£1 Si-^-fr -a^r# ^M^l ^ ^ s - 

5. 7b^r <a*H 4«1H<q Si-^-fr ^# 7fl^S. ^^(OCV)^: iL^l 

£ frfr ^ AH 44) Si-^-fh 40S) ^3 ^ 

£ 9^ <a*H 5^1 4€- ^ 4°lti U-^-g-^-ir ^-°J sua. 
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1020^^^422 <Q.*}: 2004/8/6 

S. 10£r -fi^H 6^ 4^- ^ ^flS.^ k^l 5.^. 

£ 11^ 6*1] 4€- ^ *H#°ll ^ s.^. 

£ 12^ 74| 4^ Si "t-fr X-ray ^11 iL°J £^ 

^] 

14> [^-tf 

15> ^-8r el# °1*V ^ ^ ZL^ ^ ^ 5>1 , ^ # 

7}<3 feul, -*Hr^r JL#^r 3Hr °l*r 3*1 -§- -%r^ ^ ^ 

"> [^2fl 71^] 

S ^l^-^^l^- ^-q-^ ^rfl -g-^o] 372mAh/g(844mAh/cc ) ^}^o] ^tflofl 

*r*l^ ^(dendriteW ^tr «?>^ #"K|# #^ 

^ofoi sa&ti. -^ei^csi)-^ wi- *g^-§-8: ^-M: 7>^3 * 

3h HHM-**! -S-^ ^ 4020mAh/g(9800mAh/cc, 2. 23) AS *i ^fc*H «l*fl 
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19> o"|E^ ^-4*>7] wv-g-^fe ^(active phased 

*1 #4(inactive phase)5L o)^c]^ ^ tfl^ $ ^Jovo] 

' tM3* 2Nr -S- TflS-M- H ^12: ^m^r 

2o> >a-7l «M^>7l 41 «H 3 °-5*1 , Li€- ^#*> 

^ «9=ol a.^, al^r^^ °1^> ^ *H3.3>1 AH-f ^ -g-^=oi 

3.31, 3^ S7l W]7>^ -8-^= ZtJL ^o) *>1^M<£ *1*V #*13 ^g-^- 

'21> -8-71 ^"fr ^*>7} ■& ^£ Si-U- ^7.> * ^"71 Si# ^7>» 

S^*Hr <M-#3. ol^Sl ^HMI; ^ ^7fl3» °1^V #*|-§- ^ 

'22> ^. Stb ^*14W€ Si# ^ ^7) Si# 3E$l*fe #3^3. ^l^^l 

(mechanochemical process)^: ^«fl £H-^K2-3.^ SEfe «tS|-*H ^>-§-(thermochemical 
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" 1020^^422 ^ °^> : 2004/8/6 

reaction)!- 7)x]sm &SL3.#\ "^SH** Si <g*r £ °1« i£^*Kr 

^s)-lrS- 4^1* £fe #31; ^ 

t> ^-71 €^fljEL» ^*Kr #31* S^^R? <>l*r &5 . 

(mechanochemical process)!: ^ SE^- ^s^H ^-§-(thermochemical 

reaction)* 7]*}^ %SLsL*\ ^e)^ ^5r#!: «r^^H 4^ Si <^V * °1« 

oi^^i 4^i» <g^r i^-^m 3^ °1*> 31*1-8- ^ 

,7> ^ ^142r€ Si^ ol-g. i^V^r ^-1-51 "4^1 BE^r °1 ^ 

^ i4t ^^1 lWfl7l ^*fH^ Si^ 37l» ^^A^lfe u}^^, o] 

^ ^-^r *l*ll^r Si^-^1 -grS.-^ 717^1^ tJ-^- ^-(Mechanical alloying or Mechanochemical 
reaction) «<HH ^ Jl^-^sL ^ ft**. * ^ Si# SJ*^ 37l^ i+ 

2t ^^1 H7l* 7>^4. 
28> i£Tgo} o.^- 3"M^ #-§-°fl ^Mr ^ ^* ^*fl 7 1 
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#^ 2004/8/6 



£-§-(thermochemical reaction)* 7^ ^e^§ $^13 tflJf°fl Si W7V ^ 

3i> #7l ^#3.^ Si0 2 , SiO, SiZ0(SnSiO 3 , MnSi0 3> FeSiO 3 , Li 2 TiSi0 3 , ZnSi0 3 , 

LiSiON) (Z^r Sn, Mn, Fe, Li, Zn, Ti) 71313 ^sHS -&J*# *r 

$4. ^"71 71313 JHJ ^-(mechanical activated)^ -53:3^^: 3.71 7} xi^a^ 

7]313 ^-^-S. *r 5W. 37l7> 

71313 Ir^sHa ^2r#^r 71^13 ^^l-(Mechanical strain) ^7>, ^7> ^ *V-§-^ ^ 

# ^ 7i3i3 #3^1-* ^ 

:32> ^7l ^5}^ A>2|-#S.cl- A>5(-# ^ SJPM ( AH for ) ^ ^tfl^7> ^ AVsJ-^- ^ 

Wl-°1 ^ Si^. wl-^-3^ ofls.fe Al, Fe, Li, Mn, Ni, Co, Sn, V, 

In, Cr, Y, Ge, Ta, Mg, Ca, Mo, Sb, Ti , Zr, P, B, Li 3 N ^§-* *r &t}. 
<33> Pl^l^^l^^Sl JL^^\ -MUOugh energy ball milling)* «■ «r 

flo.^, olsjtt ^§-*H ^>7l ^ ^>-§-<>l lH\}tf. SB*]: ^"71 ^2)- 
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M °i*>: 2004/8/6 



-fKE^r. «i*|Bj ^5|- tfl^o.S 150-1500 °C 

J4> SiO x +yM -* Si + MyO x 

35> xy^£- M^] ^"Sfl ^ SiS. «-^B|<H 4M3€ M y 0 x ^ Si-g: 3L^*Hr S.^ 

— 3j-§-tb^. Si^o] ^V-g-Al afl^ ^sj-c]] tfl$ ^ ^ -§-^3* 5L 

3# «=>l^r ^A]^7l ^«fl Li 2 0, Li 2 0 2 , LiN0 3 ^ Li 2 S£>r ^ 

^■W* 7]7fl3 M4 ^ 7m ^ <&r%. oil- e) 1- sl-^-l-^r 5L^°\] ^ 

3^ &?]^ Stn^^r *H 4^51-1-* ^^*>7l£ i&tK o]s.m) A>j^g. s.^6J| 

^1^1 Si^-o) «-a>5} <S^r ^ 9X^. 

36> ^"71 ^ele tfl^ 0.3 ifl^l 4#^ A>-g-*>^ ^o] M 

°] 0.31- nl ^>-§-sl^ q-ic Si SU'H ^ ^ ^^SHH^) 

^H3°l &*\)$°) 0^4. ^-71 S]# Sl-f-l-^r l#«fl tfl 

*H 0 tflTsl 0.6^^ <£-£_5. A}-g-S]^ ^O] 13}^ ^-4. 

C38> ^>7l ^TflJL^r Wl^^ ^ SE^ ^4i7> A}-g-«i ^ #71 ^ ^ 

^l^fe 7}^r(soft carbon: 7^ ^ ^) S.^ ^^-(hard carbon; -H-Sr db^ 4 
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' 1021^^2422 2004/8/6 
5Etb Bl# 3*13 ^^HS^ *#*l7l7l *|*H X^*lB]€ ^(^)7> A>-g. 

HJ-^ol °l-§-€ <r ^-71 S^^^r &q JEE^ ^ ^ s.^ °l-g-€ *r SE^r 

B9> -^71 Si# "t-B- #5|-§- ^T-flS-fe 5-90: 95-10^ f^wlS ^slfe 

^-*|*}t]-. Si# fl-fr 4^]7> 5 ^1^1^ -g-^ 3711 7l^^] ^>JL, 90 ^ 

2^}^ ^-^15- *}°lt ^H§°1 ^^rf. 

40> ^7] Si^- -t-a- ^T-flj^b ^V-g-^ ^S. o^jl o]s. 

Ir^^H ^ 21-^-^^ -^-SLig-iLS.*) $^^r ^W^-#^r JL^^-S. <=r 

£ 5£th :z&|uf -M^l ^ 3L^3 ^7H ^tb «l7>^ -g-^o] ^ 7 >m 

^al^ ^Tfl^ 3tb w] 7 ]-^ -g-^^r *I4^ ^» °l-§-^r ^«fl #7l 

^ Si # -t-a- -SW^ ^M"^^^ 7MA]^ O.S.^ 3.7]} #<g ^ 

=4i> ^-71 q-iz Si # ^ ^sj-l- 7M ^ o.s.^ 7^^Aj 3^ 

^^SflS. ia^V^ <t^e)^H ^1?^ <r 5^. 

^•71 5a^«J-^£- ^ £E^r ^ ^ H.-X- ^ tU^-. ^71^- ^^3]- ^ ^ 

<42> [^A]^]] 
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3> o)t\, £ w}^^ ^Al^cf. t±T£, f>}7] ^AHlfe ^. o]«fl£. 

4> -aAl^l 1 

s> SiO, Al, ^ Li 2 0 2 » ^ 1:1:0.2^1 £^ ^ l-^SH 71313 ^* 

Jf-^H i+2=>H^ Si* 5L^^>fe Al-Li-0 ^H^i* ^lS^t}-. o] Si ^-fr 

1- ^(SFG 44, ^^)» 50 : 50^ lr ^*3*M M-lc Si ^-fr # 

51-1- 4^1-^ ^ Mr^* *i|2^V5$4. 1: ^ ^m(5, 10, 30£H ^ 
51 X-ray S|£ n^-i- £ 1<^| JEAl^th ^ a^ ^o^l^ ^<£^2^r ^Spal 
*V uj-in €s1€- 4^1^ €5*7> S£tb X-ray ^ .2.5.^ Scherrer °l-§-*r 

^ 3.71 (crystallite grain size)* 16.2nm^ v+ii 

46> t^-iu Si f-B- ^Wfl-^Si *#<S(10£- ^^)^ *M#*ll ^ 

-§: £ 2^1 SAl^sa^. 2<M D^r ^-g-^olaL #€-§-^=°14. ^ 2^1 S.a]€ wVsq- 

6 oo mAh/g ^££1 ^.-g-^-i- M-bNji ^s. -?-^>7fl M-^^-. 

■47> ^AHl 2 

:48> ^X|afl 15] ^ Si D-fr ^*l|-^r£ *#^(10^- ^)* ^ 

s^*V7] ^sfl ^^-a] -g~g- ^sM^ ^ ^SflCCoal tar pitch)* 

^ of^(Ar) €-^)7l^H^ 900°C°1)Ai iaI^V $1^^^^^. ol^Tfl -g-^flS.^ *Ht 

ofl ^yj-^ -g-^ £ 3<H1 iA]-5>^rf . ^^51 o]^^(372 mAh/g) JL^r fe^r 420 mAh/g 
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'l02(^p?422 *3 2004/8/6 

jfr^ *}o}^ *XSLV), 3L7]*)7\q ^^S. 

*M3£ 3.711 %SL3, 
> 3 

i> ^aHI uj-i, Si ^"fr ^2}-* 4^1-^ <£ ^ %l-^(5^ ^M: ^m^^ 

1- S^^V7l JflSfl ^"71 ^ ^^11 (Coal tar pitch)* *\^&ihr) &$\7) 

*MH 900°C<>lH 1*1 # I^Bl^tq-. ol^Tfl <2^r ^-^S.^ X-ray 3*1 £ 4*fl 51 

^^ej^7> 900*C <3°f|5i "ar^l^-CA^Os) *\3.7\ aTll 

^ ^-Efls ^H*>3. 5flth X-ray 3^ n.^ Scherrer °l-§- 

*M 43} 3L7l (crystal lite grain size)» ^^M^r 14.8nm^ ^ 

i4b|-v11zl $1^4. «]H t^Bl^l i<£) x-ray 3^ 3^(5. 1)4 ^-a>^-t11 ^-^r 

tftf. ^ Pl^l^^^Cmechanochemical) ^^S. ^3tr i«q ^ ^ & 

ej^o] ^ <g*}5. ^^*>7l ffl€r«*fl, SL^r ^(matrixH 900 "C^i 1*1 

Z\^o\)5L ^^3L M-ir. rLtflS. -fr*l^L 

465mAh/g ^51^ a*** M-^^L, -f^fr *M#^*r «l7}<*-g-*M- M-^ZL 



25-12 




2004/8/6 



> 5- 6^r 3^ ^7flJL^ v^ol^ofl 43 ^jjc 10 ^ Arrest time) 3^ 

7fl^S ^(OCV)^: S.^olt|.. J£ 64H $-t= 7fl 

*j-H.5. 7fl^S. ^(OCV)^ ^ ^H#^ ^ ^7>tb^. ZLBlJELS. 7fl^S. 

^(OCV)^ ^sl-7> ^ ^sl^l 7>^- 5L71] ^ 3 

5> ^Ajoj] 4 

»> Si0 2 , Al, ^ Li 2 S« ^ 3:4.2:0.3^ Ir^lS. ^ l-^^^H 7l7j|*| ^~g-§* ^-g- 

•i: **M t+^AVo")^^ Si# Al-Li-0-S 4%^* ^ %g-^-S: ^2:^ 

7a4 £ 7b<^l 5.^1*1-^4. 5. 7a°f| ^> d l# ^7H uj-e)- f^&^l-g-^ ^^«> 

JL(a -?d), 7fl^s. &#(0CV)£1 ^jmi SM^s. *>°m ^7M| ^^-g-^ ^Hi4 -M- 
*}7fl ^ #^]-ZL ^-§-^r M-B^cKa ^ ol&lt!: ^31*1 

57> n&m- ^-71 Si-D-ft- ^WS, SFG44)« ^TM-tKmor t ar ) ^^.S. 
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8> £ 8^ Si-$-fr 4^"^!-^ ^ 403 <f«<M 3^ ^V^r^ 

p]^ a>^o]^-. £ 8 *IH j±^r «>^- £o] Si-f-B- 4^-^-^ ^ *M3 34-<1 

i9> ^A|^) 5 

50> SiO, Al, ^ Li 2 0 2 » ^ 1:1:0.24 ^ M*8«H 7]^|^ ^4 

Jg-*M i4^>°l^^ Si* i^SRr Al-Li-0 4^&4# iB^it *ll2:*>$$t}. ^"71 Si-^ 
■fr 4^9:4-1-4 ^(SFG 6, 50 : 504 £W ^ 1: ^4°} Si-^-fr 4 

4^1* a||2:45!l4. °1 4WI4 ^ ^sJICCoal tar pitch)* 4 
s^(Ar) *$|7]*HH 900*M4 14 # ^*]e|sH *^?4lB.4 4 0 1# 6 1] 4-1- ^-g-^ 
* £ 9*H S.445H4. £ 9*\) 3*4 € 44 £4 ^^£-7} 530 mAh/g 3^4 Jl-§-^ i+Bf 
V fl t ^ > ^ -f-^tb 4°lt 44^ &4. ^-(morphology), <S44°l^(particle 

size)7> tH* ^» ^7}^E 44*4fe ^ ^]%t^. 

61> Al ofl 6 

«2> SiO, Al, « Li 2 0 2 » 44 1:1:0.24 *43. 4- «3*H 717^1^ ^4 i*b$-* 

4i*4 0 1^4 Si» 3E44fe Al-Li-0 4^9:4* °flB^-& 4S4£4. #4 Si-4 
-fr 4^41:4 ^(SFG 6, 4<£)# 60 : 404 f^lS. * * Si-^-fr 4 

4* 4^4 4^4£4. °1 w^" *M4 ^ 4^- 
«-(Ar) $4714*114 900°C<>fl4 1A1^> 14444 ^ 3-^4^4 ^444"9^§- 3E KHl H4 
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■ 1020^^422 #^ 2004/8/6 

*^S.3. 3#^§r *r 5(14. 
53> S. ll£ 44 ^>^]#«i 4€- ^H*^ -g-^ 44^4- 550 mAh/g4 al-g-^ 

4444, -f ^ 4°1# #43* 44^4. 

54> ^ AHl 7 

35> £ 12^ SiO, Al, ^ Li 2 0 2 » 44 1:0.67:0.24 #4^. ^ 4^ *H4^4£l # 

-g-th°3. 4^4°1^ Si* 5£44fe Al-Li-0 ^flH^i *flS ^ <I444 #-§-(SiO, 

Al, ^ Li20 2 ^i ^ ^ 4^ €-47H14 500 °cs. 54 # 1*1 4*fl 4 

si ^-B- ^*JI4 X-ray 3^ 44^4. 4*m^H4^43! ^4 

^^^Hi 4*fl £4*1 Si W^l X-ray 4^ =l^± -ft-44>ll 444^ 

^^.s.^-4 1443 4442- 4^44^4 Si 4-if #41- Wi ^>fl 
^ jl4*4. 
[*^4 M-l 

:66> £ ^4 ^ *#^^r 4 #4^ 4€r ^4 ^ ^ ^4* ^4 

<q 7]^!^ 44 *4*r4 ai-§-^4 W 4°1# ^r^^r 4^-4^ «r 5£4. 
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^H^€ Si# W ^ #7) si# <a*Hfr sfl*K=- ^a^rs. ^ ^ 

*Hl1Hl Sl^W, Al, Ti, Zr, Nb, Cr, Fe, Li, Mn, Ni, Co, Sn, V, In, 

Cr, Y, Ge, Ta, Mg, Ca, Mo, Sb, Ti, Zr, P, B, N $ *Wr£ 5 4M 443 

SWfe *1*> ^l-§- <W 

3] 

^€ 3^ ^1- <>l*r 31*1-8- ^ *M. 
4] 

Si-tf °a^> £ Si# ^a>» 3L^Hr <M-#S °1^-°1*1 4^1" 3L-t*Hr 3# °1 

5] 

a>3).j|. ^A^ofl^^ 7>^l^-.#^^r nl^l^l^^^-^Cmechanochemical process)^: 

^-■gfl ^fe «£3£r*H «V-§-(thermochemical reaction)-!: 7\x\S-^ ^-3.*) ^e1€- 

&$t%-£ S^l^l Si ^ °1* i$l*H5- -Sr^S. o^o^ <gfe ^1; 
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6] 

-M-g- W&<&W Sbi: 7H^- Al, Ti, Zr, Nb, Cr, Fe, Li, Mn, Ni , Co, Sn, V, 

In, Cr, Y, Ge, Ta, Mg, Ca, Mo, Sb, Ti , Zr, P, B, Li 3 N $ ^-§-3. 

7] 

*I|5^HI 5&°H, ^71 Si ^ ^-frtt ^5r# W^f ^MS-^ 4Wt 
91 

*i|5%<*fl $a°H, 51 #3H*1 Li 2 0, Li 2 0 2 , LiN0 3 , Li 2 S # <>1«^ 



25-17 




#^ 2004/8/6 



10] 

^^<ffll:5£| ft-fr 7>*)fe- PH^H^^(mechanochemical process)^: -f- 

*fl ^f-AS.^ 5£fe 12^3 «>-g-(therraochemical reaction)^- 

^#^r ^r€*V^ Si <3*V ^ °1« Xfl-SRr <*S>#3. ^l^^l 4^1 « £fe 
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